Background:
IntroductIon
Due to the continuous development of antiretroviral therapy in recent years and the significantly prolonged survival time of HIV infected patients, in addition to many other diseases coexisting with HIV infection, there have been numerous reports on increased risk of cardiovascular disease (CVD) in this subpopulation. In order to organize the knowledge on the subject, international medical circles involved in the care of HIV infected patients publish the results of their clinical observations, retrospective and prospective studies, including large prospective research programs, which reveal that this group of patients exhibits an increased risk of CVD incidence and that the progression of atherosclerosis is faster than in uninfected people [20, 39, 40, 64, 73] .
Considering the research results, there are no single CVD risk factors in the HIV infected subpopulation. Currently, we can rather discuss etiopathogenic areas gathering the risk factors and determining faster development of atherosclerosis. The first of these risk areas is the incidence of well-known typical and non-typical risk factors in HIV infected patients, the existence and development of which, resulting from prolonged survival time, can be observed as in the general population. A statistically higher incidence of some classical risk factors such as male gender and smoking, or of nonspecific factors -lifestyle, low physical activity and poor diet -is characteristic of the HIV infected subpopulation [13, 19, 20, 38, 57] . Another area may be a proatherogenic effect of the combined antiretroviral therapy (cART), which is currently thought to directly activate the endothelium functioning, as well as a well-known phenomenon of metabolic disorders, such as dyslipidemia or insulin resistance, that promote the development of atherosclerosis [4, 5, 14, 17, 29, 45, 50, 51, 52, 54, 55, 65, 68, 80] . The last and, as it currently seems, the most important role in pathogenesis in augmented atherosclerosis is played by chronic HIV infection, which, featuring a wide range of interactions with the host system, proinflammatory action of adhesion molecules, cytokines and infected lymphocytes, monocytes and mainly macrophages infiltrating the vessel wall, is a damaging factor for the vascular endothelium [6, 11, 28, 36, 47, 56, 61, 63, 67, 70, 78, 79, 82] .
Atherosclerosis in HIV infected patients is evaluated using non-invasive research techniques, such as intima-media thickness measurement in the carotid and/or femoral arteries, brachial artery flow-mediated dilatation test or the coronary artery calcium score [12, 49] . The most popular tool to assess the severity and dynamics of atherosclerosis is ultrasound carotid intima-media thickness measurement (cIMT). cIMT as an important predictive factor favorably correlates with the risk of myocardial infarction and stroke, even after excluding the impact of other CVD risk factors. Finally, it is taken as a soft endpoint in clinical trials [8, 13, 17, 35, 37, 44, 49] .
AIm of the study
The aim of this study was to evaluate the progression of subclinical atherosclerosis in the carotid arteries, expressed as the cIMT value and the number of atherosclerotic plaques, and to analyze the correlation between cIMT and CVD risk factors in a cohort of HIV infected patients treated and not treated with antiretroviral therapy. Moreover, the impact of HIV infection, infection duration, basic parameters of virological and immunological status over the course of infection and impact of the overall antiretroviral treatment duration on the development of the subclinical atherosclerosis were evaluated.
mAterIAl And methods
The study lasted from March 2008 to May 2009 and included 72 HIV infected patients treated at the Clinic of Acquired Immune Disorders.
The study group comprised 48 men and 24 women, mean age 39.4±8.9 years, including 68 ART-treated and 4 non--ART-treated patients. The inclusion criteria were a diagnosed HIV infection and the patient's informed consent to participate in the study. The following exclusion criteria were adopted: currently diagnosed acute medical condition, currently diagnosed AIDS, serum creatinine concentration higher than 2 mg%, more than 5-fold increase in transaminase levels. HIV infected patients entered the study with a known clinical, immunological and virological status of the HIV infection as well as HBV and/or HCV co-infections.
The control group comprised 27 healthy individuals (18 men and 9 women, average age 39.3 years ±10.9), inhabitants of the same region as the study cohort, respectively matched for age and sex, in good general condition, without history of cardiovascular events, not meeting the laboratory exclusion criteria adopted in the project. This paper presents the preliminary cross-sectional results of the study on atherosclerosis in 72 HIV infected patients. The study was conducted with the approval of the Bioethics Committee.
The characteristics of the immunological and virological status of the study group are presented in Table 1 .
The study protocol included obtaining the informed patient consent, interview with questions about traditional and selected non-traditional CVD risk factors, pharmacotherapy including cART, and symptoms of CVD: cerebrovascular and cardiac events, and intermittent claudication. A standard physical examination with anthropometric measurements of height, waist and hip circumference was performed to calculate the body mass index (BMI) and waist/hip ratio (WHR). Blood pressure measurement was performed in accordance with generally accepted standards. The patients were examined from the angiological point of view. Lower limb ischemia was evaluated on the basis of claudication in the interview and angiological examination and the ankle-brachial index (ABI) using a continuous wave Doppler detector, assuming the value <0.9 as incorrect.
Number of HIV infected patients 72
Time since diagnosis of HIV -years (median) 8
Number of patients treated with ARV 68
Time of exposure to ARVyears (median) 5.5
Number of patients not treated with ARV 4 [74, 76] .
Current CD4 + lymphocytes
Ischemic heart disease was recognized on the basis of the medical history, and a resting electrocardiogram (ECG) was performed in all patients. Exercise ECG had been planned in the case of a medical history suggesting angina, but so far there have been no indications for the exercise test in any of our patients. In all patients, a duplex ultrasound of carotid and vertebral arteries was performed, their patency assessed and ultrasound images recorded for further processing in order to evaluate subclinical atherosclerosis by means of computer-measured cIMT. Carotid artery stenosis was recognized according to the NASCET (North American Symptomatic Carotid Endarterectomy Trial) and Bluth criteria. Carotid ultrasound was performed using a high-resolution ultrasound GE LOGIQ 7 GE with broadband linear probe 6-12 MHz and 5x magnification. Four series of images were collected for each patient: left common carotid artery (LCA), right common carotid artery (RCA), left bulb (LB) and right bulb (RB). The images were recorded in three projections for each series -anterior, lateral and posterior. Far wall images of the distal common carotid arteries and bulbs were recorded parallel to the probe surface at the smallest artery diameter and then saved on the hard drive and on DVDs. cIMT was measured using a specially designed computer program. For each projection of a given series, manual cIMT measurement within a 1 cm long section was performed and 10 measurement points were established (30 measurement points per series, 120 points per patient). Atherosclerotic plaque was assessed using a criterion treating the plaque as focal IMT growth >1.5 mm. The measurement results were transferred to a database analyzing a number of statistical features for the measurements of each projection and series. The main parameter for each patient was the average IMT value obtained for all the series, defined as cIMT. Ultrasound examinations and cIMT measurements were performed by the same angiologist, a doctor with eighteen years of experience in vascular ultrasound and cIMT measurements [41, 42, 43] . Intra-and interobserver reproducibility tests of the cIMT measurement in the common carotid arteries and bulbs were carried out using the Bland and Altman plot and the intraclass correlation coefficient (ICC). The assumptions of the Bland and Altman plot were met, and the correlation coefficients for the intra-and interobserver reproducibility tests were 0.99.
Laboratory tests
The serum HIV RNA level was determined using the Roche Amplicor 1.0 standard assay (detection threshold 40 copies/ mL), and CD4 T cells were counted by means of FACScan flow cytometry (Becton-Dickinson). 
Statistical analysis
Quantitative variables were presented as an arithmetic mean, geometric mean or median, depending on normality of distribution. For each estimator, 95% confidence intervals were calculated. Qualitative variables are presented as the number of patients in each group. Differences in quantitative features between the study and control groups were analyzed by Student's t-test, the Welch test or the Mann-Whitney test, respectively. To achieve normality, the logarithmic transform was applied to the variable elements. Differences in the qualitative features were analyzed using the c 2 test or Fisher's exact test (for small groups). The correlation between continuous variables was described using Pearson's or Spearman's correlation coefficient (depending on the normality of data). The effect of clinical features on the cIMT value in the studied group was assessed using univariate or multivariate regression. The multivariate analysis employed the stepwise method, which removed all statistically insignificant features from the model.
The analysis was made using R and MedCalc statistical packages. All results with a significance level p<0.05 were considered significant.
Due to the small number of ARV non-treated patients in the cohort, the differences between ARV treated and non--treated patients were not analyzed in this study. The effect of drug class on subclinical atherosclerosis was not considered either, as individual therapy might have changed several times before the beginning of this study.
results Tables 2 and 3 show the statistical analysis of quantitative variables in the studied cohort and the control group.
Among the laboratory parameters relevant to the CVD risk assessment (Tables 2, 3) , statistically significant changes in the lipid profile can be observed: in the study cohort, the level of all cholesterol fractions was significantly reduced and triglyceride concentration was higher, while in the hemostatic system, a significantly lower platelet count and fibrinogen concentration was recorded. No differences were found in the average concentration of lipoprotein (a) between the two groups. Other tests revealed lower hematocrit in the infected group; this difference is at the border of statistical significance. Fasting glucose, CRP and the homocysteine level did not differ significantly between the two groups. Table 4 shows the prevalence of classical risk factors in the study and control group.
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Among the major risk factors, tobacco smoking is the most representative and covers 2/3 of the cohort. Such parameters as current and past smoking, considered as categorical variables, differentiate the two groups to a statistically significant degree.
Another risk factor is hyperlipoproteinemia, understood as hypercholesterolemia, hypertriglyceridemia or mixed disorders. The proportion of these changes is similar in both groups (Table 4) , but there are significant qualitative differences (Table 5 ). In the study group, dominant disorders involve dyslipidemia or hypertriglyceridemia, and in the control group, the dyslipidemia and hypercholesterolemia incidence is the same. No isolated triglyceride-related disorders were observed in the control group.
The percentage of diagnosed hypertension was similar in the cohort and in the control group (Table 4) . Diabetes was found in two patients from the cohort and one person from the control group. A family history of CVD, assessed according to current guidelines, was positive in 29% of the infected patients and 14.8% of the control group. The differences are not statistically significant. The general assessment of body posture revealed a significantly higher waist-hip ratio (WHR) and a significantly lower body mass index (BMI) in the cohort participants Table 3 . Quantitative characteristics of the experimental and control groups -median and confidence interval -Mann-Whitney test ** data with non-normal distribution -median and 95% CI.
Postepy Hig Med Dosw (online), 2011; tom 65: 770-783 compared with the control group. WHR is markedly affected not by waist circumference, which is similar in both groups, but by hip circumference, and this is significantly lower among HIV infected people. Adopting two different definitions of the metabolic syndrome (MS) generated the same percentage of infected patients suffering from it, despite the fact that using different criteria resulted in obtaining two groups of the same size but of different composition. The MS incidence is higher than in the control group; the difference is on the border of statistical significance (Table 4) .
Based on the physical examination, medical history and available medical records, cardiovascular disease was diagnosed in three of the cohort participants (4.2%). These three patients are exposed to multiple risk factors, including family history and hyperlipoproteinemia. Peripheral occlusive arterial disease with symptomatic lower limb ischemia (claudication) and reduced ABI value concomitant with coexistent asymptomatic high-grade stenosis of the carotid artery was found in one patient. Ischemic heart disease and a previous stroke were discovered in one patient and ischemic heart disease alone in one patient. Thus, ischemic heart disease in the form of documented stable angina pectoris occurred in 2.8% of the respondents, ischemic stroke in 1.4% and peripheral occlusive arterial disease (POAD) in 1.4% of the study cohort. Asymptomatic high-grade carotid artery stenosis (80%) was identified in one infected patient, and in another one, stenosis was slight (< 50%). One healthy man from the control group showed features of slight carotid artery stenosis. In the group of HIV infected patients, the values of cIMT and IMT for each location (RB, LB, LCA and RCA) were significantly higher, as was the percentage of people in whom atherosclerotic plaques were found ( Table 7) .
Analysis of the effect of CVD risk factors and duration of HIV infection and ARV treatment time on the cIMT value (Table 8) carried out using univariate regression indicates the relationship between cIMT and the age of HIV infected patients, hypertension, total cholesterol concentration, LDL cholesterol, non-HDL cholesterol and duration of the ARV treatment. The final model obtained after multivariate regression analysis employing the stepwise method shows that the cIMT value strongly correlates with age, hypertension, non-HDL cholesterol concentration and duration of ARV treatment.
Analysis of regression between cIMT and smoking as a categorical variable shows no correlation of smoking and cIMT (Table 8) . However, the correlation between a quantitative parameter ("pack-years") and cIMT indicates a close positive relationship of cIMT values and lifetime smoking exposure, and cIMT is significantly higher in HIV-positive smokers compared with non-infected smokers (Table 9) . There is no difference in cIMT between smokers and non--smokers in the cohort. At present, these validations are not strong enough due to the low number of smokers in the control group and non-smokers in the cohort. Correlation analysis (Table 10 ) of the infection and immunological status quantitative parameters indicates a weak correlation between cIMT and the current HIV RNA value (p=0.012).
Changes in carotid arteries
After dividing the cohort according to the assumed criterion of treatment duration, a significant difference in the advancement of subclinical carotid atherosclerosis was revealed. Patients treated with ARV therapy for over 5 years have a higher value of cIMT.
MSM mode infected patients show a significantly higher cIMT value compared with a subgroup of those infected by intravenous drug use. No present correlation between cIMT and co-infection with HBV, HCV or AIDS history was observed (Table 11) .
Further analyses of the study cohort showed a significantly higher cIMT value in infected patients with diagnosed hyperlipoproteinemia compared to the subgroup with a normal lipid profile. No significant effect of MS on the cIMT value was proven.
dIscussIon
The paper on the cohort of HIV infected patients evaluating the cardiovascular risk and subclinical atherosclerosis brought about a number of interesting observations. Atherogenic lipoprotein concentration is lower than in healthy subjects, duration and intensity of smoking (lifetime smoking) are similar among the infected and healthy people, blood rheological properties appear to be more favorable than in the control group, but still the severity of subclinical atherosclerosis in the carotid arteries expressed as the cIMT value and the amount of atherosclerotic plaques is significantly higher among infected patients compared to the age and sex adjusted control group. The statistical analysis reveals a more complex relationship between cIMT and CVD risk factors and certain characteristics of the infection and ARV treatment.
In the study group of HIV-positive patients, the rate of cardiovascular events is higher for men and lower for women (0%) compared to the general population. In the general English population, this percentage for men aged 16 The frequency of symptomatic POAD, confirmed by ABI, is similar (1.3%) to the non-infected population of this age [3] and twice as low as in the other described HIV infected cohorts [23, 60] .
Effect of smoking on cIMT in the HIV infected cohort -Spearman correlation
It is difficult to discuss the impact of HIV infection on the incidence of CVD in our cohort in a clear way given the sample size and the number of people with episodes (one of the CVD events happened before HIV infection was documented), and also taking into account the exposure to multiple risk factors, including such potent factors as age, gender and positive family history.
The results of numerous studies, and mostly of the SMART study [64] , which confirmed a higher rate of cardiovascular diseases among patients who interrupted cART compared to those treated in a continuous manner, indicate the impact of HIV infection on changes in the cardiovascular system. There are reports suggesting that cART may be an additional risk factor for the development of cardiovascular disease [20, 29, 50] .
The prevailing classic risk factor in our cohort is smoking, followed by lipid disorders and hypertension. The prevalence of risk factors in the adult Polish population is different. The strongest risk factors are lipid disorders and then hypertension followed by smoking.
Comparison of this young cohort with the results of epidemiological studies in Poland is not easy, as all major studies were conducted among the elderly population. An analysis of incidence and intensity of risk factors was performed for a separate group aged 18-59 in the NATPOL PLUS study, and this will often be referred to in the discussion. control group (37%) in this study [83] . This traditional risk factor is emphasized in many papers on HIV infected patients. Usually, the percentage of smokers is similar to that shown in our study, while in the Warsaw HIV cohort, it is very high at 90% [9, 18, 30, 34, 35, 37, 51, 61, 70] . Quantitative evaluation by means of lifetime smoking suggests a relationship between cIMT and smoking intensity over time: the more intense and longer the smoking period, the further the progress of subclinical atherosclerosis, which was also reported by Hsue [30] . Two surprising facts are lack of difference in cIMT between smoking and non-smoking HIV infected patients, and a significant cIMT difference between infected and non-infected smokers. The probable explanation for both cases, apart from the small number of infected non-smokers and non-infected smokers, may be the complex character of the infection, ARV treatment and the accompanying metabolic disorders that reduce the differences among infected patients and exacerbate the differences between infected and non-infected participants.
The second most important risk factors in our cohort are lipid disorders, which occur in a similar proportion in the cohort and the control group (53% vs. 51%) and are convergent with NATPOL PLUS epidemiological data for the Polish adult population (50%) [83] . However, the Polish population is dominated by hypercholesterolemia (approximately 55-60%) [62, 77, 83] . Comparison of lipid disorders in these two groups demonstrated substantial qualitative differences. In the study group, significantly lower total cholesterol and LDL and HDL cholesterol levels were observed, and hypercholesterolemia was three times less frequent than in the control group (8.3% vs. 25.9%). Dyslipidemia or isolated hypertriglyceridemia prevail in the infected group, and the average triglyceride level in the cohort is statistically higher than in the control group and compared with Polish epidemiological studies, where the average concentration of triglycerides in a comparable age group is lower [83] . The total percentage of infected patients with a high triglyceride level is 43%. Similar data can be found in many papers on lipid disorders in HIV infected people. Usually, the induction of these disorders is linked to antiretroviral treatment, as the disorders may be affected by all classes of drugs: protease inhibitors (PIs), nucleoside (NRTIs) and non-nucleoside reverse transcriptase inhibitors (NNRTIs) [14, 20, 24, 25, 26, 58, 65] .
The cause of low total cholesterol and both its fractions in HIV infected patients is not clear; possible explanations include the young age of the cohort, low BMI, improper diet and lifestyle, and coexisting hepatitis B and C, as well as cigarette smoking (effect on HDL). The mean total cholesterol concentration in infected patients is significantly lower than in the control group and lower than in Polish population studies for this age group [83] . Although the literature on this emphasizes the existence of such a configuration in the past, before the cART era, there are still similar results in some works on infected patients published within the last decade [13, 24, 25, 26, 47] .
The proportion of hypertensive patients was similar in the cohort and control group; the results are comparable to the total adult population in Poland, where it is estimated at 29% to 74%, but in the age group 18-59 the figure is 19.1% [72, 83] . And thus, in both our groups, the incidence of hypertension was higher than in the epidemiological studies of Poles of the same age. The occurrence of hypertension among HIV infected people, especially those receiving cART and with diagnosed lipodystrophy syndrome, has been described by other authors [18, 24, 31, 68] . The prevalence of hypertension in individual cohorts variesfrom a few percent up to 34% in the slightly older Italian cohort [21] . The D.A.D study (Data Collection on Adverse Events of Anti-HIV Drugs) indicates the impact of traditional CVD risk factors on blood pressure and lack of correlation between pressure and particular classes of antiretroviral drugs, with the exception of NNRTIs, which are correlated with a low risk of developing hypertension [75] .
Diabetes occurs in the two groups at a similar frequency as in the adult Polish population aged 18-59 [83] . The mean fasting glucose shows no differences and is similar in both groups. In other cohorts, the incidence of diabetes seems to be higher. The percentage of diabetics among infected patients is 6-7.3%, depending on the authors [18, 30, 51] .
A general assessment of body posture revealed significantly higher WHR and significantly lower BMI in the cohort participants compared with the control group. Obesity is almost twice less frequent than in the control group. A lower BMI in HIV-positive people was also observed by other authors [9, 44] . In the adult population of Poles aged 18-59, in as many as 47.3%, the BMI was equal to or greater than 25, which is reflected in our control group. Considering only abnormal WHR as an expression of central obesity, abdominal obesity concerns 43.1% of our study cohort. In Poland, this percentage in the same age group is slightly higher at 45.4% (NATPOL PLUS). The predictive importance of WHR for CVD risk assessment in HIV infected people has not been established yet. Special attention should be paid when assessing central obesity using this index, especially in ARV treated patients, because its value may be higher due to the loss of fat around the hips and buttocks in the course of HIVassociated adipose redistribution syndrome (HARS) [46] . In the studies of Johnsen et al., both the waist and hip circumference affected WHR; however, the effect was stronger for the reduced hip circumference [37] . This situation was also confirmed in our cohort, in which high WHR is significantly affected by low hip circumference, and waist circumference is irrelevant and does not differentiate the two groups. This paper does not deal with the symptoms of lipodystrophy (which occurs in various forms in the majority of the cohort). This will be the subject of further studies.
Metabolic syndrome is significantly more frequently diagnosed in the cohort, using both ATP III and IDF criteria, and this is consistent with previous reports. The percentage of patients with MS was also similar to that found in other studies [7, 21, 35, 54, 81] . We were somewhat surprised by the identical percentage of people with MS diagnosed according to various criteria, taking into account low BMI in the cohort and no effect of waist circumference on the WHR. Usually, the percentage is higher after adoption of more flexible NCEP ATP III criteria. The relatively high percentage of MS according to IDF criteria was probably due to using a waist circumference consistent with European standards and strong representation of factors other than waist circumference. MS as a categorical variable shows no association with cIMT, which had already Kwiatkowska W. et al. -Subclinical carotid atherosclerosis and cardiovascular… been reported [37] . This observation is in contrast to other works showing the effect of MS on the cIMT value [2] .
Observation of the basic hemostatic parameters is also interesting. Configuration changes may indicate chronic consumption of platelets and fibrinogen in an ongoing inflammatory process. Fibrinogen is an acute phase protein involved in the clotting process in response to infection. It is one of the major plasma proteins affecting the viscometric properties of blood. It may seem that its level in HIV infected patients should be higher than in healthy people, but the literature on this topic contains contrary reports. Some authors confirm higher concentrations of fibrinogen in a HIV infected cohort [26, 30] . Low fibrinogen concentrations in HIV-positive individuals were also reported in other papers [1, 26] . Fibrinogen concentration may differ depending on the type of antiretroviral drugs, as high concentrations were observed while using PI, and low concentrations were observed for drugs from the NNRTI group [48] . At the moment, we do not know what the reason for reduced fibrinogen levels in the cohort is and how important its observation is. Is this a symptom of deep pathology in the chain of inflammatory processes or a symptom of liver dysfunction? Possible causes may include malnutrition (as indicated by a significantly lower BMI) or the coexistence of other infections -hepatitis B or C -which may lead to the weakening of fibrinogen synthesis. D-dimers are higher in the cohort, but this difference is not significant compared to the control group. Results for the basic hemostatic parameters plus significantly lower hematocrit in the infected group may indirectly indicate that blood rheological properties should be more favorable than in the healthy group. The significantly lower mean platelet count in the infected group is easily explained by coinfections with HBV and HCV as well as thrombocytopenia, which often accompany the infection and the main pathogenic mechanisms of which are already known [69] .
There is no difference in the homocysteine concentration between the infected and control groups. Elevated concentrations were observed by other authors, especially in HIV infected patients treated with cART [10] . An effect of homocysteine on cIMT progression in HIV positive people has also been reported [13] .
CRP is an acute phase protein and a known marker of inflammation. Its elevated concentration is a risk factor for cardiovascular diseases. Despite the observations of other authors claiming increased concentration of CRP in HIV infected patients [30, 59] , our study showed no differences in CRP concentration between the infected and non-infected group. The mean CRP level is even slightly lower in the cohort. Noursadeghi M et al. believe that the higher CRP concentration in the HIV subpopulations may be associated with an inflammatory response in the course of HIV infection per se [59] . In our study cohort, approximately 40% of patients suffer from coexisting HCV infection, which may lead to lowering CRP levels, as indicated by the observations of other authors [66] .
Our study in the cohort of HIV infected patients compared with an appropriately matched group of healthy subjects showed, similarly to other studies, significantly greater severity of subclinical atherosclerosis in the carotid arteries, assessed by cIMT measurements and the amount of atherosclerotic plaques [22, 30, 49, 61, 70] . The cIMT is higher in HIV infected subjects in all locations, both within the common carotid arteries and in the bulbs. The incidence of atherosclerotic plaques in our cohort is significantly higher than in the control group. These results are similar to those obtained by other researchers [31, 35] .
Multivariate regression analysis revealed that cIMT is strongly affected by age, hypertension, non-HDL cholesterol and ARV treatment time. Non-HDL cholesterol represents the most atherogenic cholesterol fractions (LDL and remnants). Although the concentration of non-HDL cholesterol in the study group is significantly lower than in the control group (as for other cholesterol fractions), this parameter seems to be a strong non-traditional risk factor for subclinical atherosclerosis among HIV infected patients. Badiou et al. showed a relationship of cIMT with non-HDL cholesterol in HIV individuals, using the univariate regression analysis [2] . A non-HDL cholesterol effect on cIMT progression has also been reported [14] . Both the cited works and our study indicate the need to use this parameter in assessing cardiovascular risk and as a secondary therapeutic target in connection with LDL cholesterol, as recommended by NCEP ATP III. Our observation is also practical: many HIV infected patients treated with ARV suffer from hypertriglyceridemia with triglyceride concentration exceeding 400 mg%, making it impossible to calculate LDL cholesterol. Given our strong observations, we believe that the assessment of lipid disorders in HIV infected patients should include the non-HDL cholesterol parameter, which is easy to calculate in a doctor's office. Total cholesterol and LDL cholesterol treated as individual risk factors also affect cIMT, despite a lower average level among HIV infected patients. The effect of these cholesterol fractions on cIMT progression was reported by others [14, 31] . The relationship between cIMT and hypertension is most often evaluated based on quantitative data -the value of systolic or diastolic blood pressure. The use of a categorical variable allowed us to exclude the impact of incidental blood pressure fluctuations and demonstrate the connection of subclinical atherosclerosis development with long-term hypertension.
Present studies on the interrelation of cIMT and virological and immunological parameters show a weak positive correlation between cIMT and the current HIV RNA concentration. At this stage, we treat this result as an interesting tendency, which will be given more attention in further studies. The literature on this subject contains reports on testing the impact of HIV RNA on endothelial function using flow-mediated vasodilatation (FMD) in ARV non-treated patients [61] ; yet no correlation was found between HIV RNA and cIMT. It is believed that cIMT growth is a long--term process, but dynamic changes within cIMT are now widely discussed. Our observation, if confirmed in further studies, may indicate dynamic changes of IMT in this relatively young subpopulation -the possibility of progression but also regression, which is suggested in the Coll study, where both phenomena were reported [9] . This possibility was confirmed in autopsy studies of people in the general population, who died at different ages, which showed that in young people the carotid arteries were dominated by foam cell infiltrates, considered to be a reversible atherosclerotic formation [15] . The dynamic nature of the changes is also confirmed by the results of drug-based studies that demonstrated the regression of subclinical atherosclerosis expressed by IMT [53, 71] . With this in mind, it can be assumed (and treated as a hypothesis) that the adverse period of HIV infection, confirmed by high viral load or a low number of CD4 T-cells, may result in an increased cIMT value. No effect of the number of CD4 T-cells on the cIMT value was found. Our observations are in line with studies that show the relationship of subclinical atherosclerosis with HIV infection per se [47, 61, 78] . Even in patients treated successfully with antiretroviral therapy, chronic immune activation continues, although at a low level [32] . It is known that persistent stimulation of the immune system, characteristic of HIV infection, accelerates the development of atherosclerosis. An atherogenic effect is observed both in the course of the immune deficit, as well as immune system stimulation related to antiretroviral treatment [28, 31, 32] .
A history of AIDS, co-existing HBV and/or HCV infection did not significantly differentiate the cIMT value. Time of ARV treatment longer than 5 years is associated with greater severity of subclinical atherosclerosis in our cohort.
conclusIons
The cohort of HIV infected patients shows significant progression of subclinical atherosclerosis in the carotid arteries expressed by cIMT and incidence of atherosclerotic plaques. The atherosclerosis is strongly influenced by a complex set of risk factors such as age, non-HDL cholesterol, hypertension and duration of antiretroviral treatment. The cIMT is also affected by total and LDL cholesterol. Lifetime smoking exposure exerts a significant effect on cIMT. Based on the observation of a relationship between cIMT and current HIV RNA, we can claim an impact of the current infection status on the cIMT dynamics in this young subpopulation. Time of treatment longer than 5 years, as well as diagnosed hyperlipoproteinemia, are associated with significantly greater severity of subclinical atherosclerosis. The cardiovascular risk profile of HIV infected patients is significantly different from healthy people: the concentration of all cholesterol fractions and BMI are lower, whereas the concentration of triglycerides, percentage of smokers and WHR are higher. Higher WHR is dependent on hip circumference.
Metabolic syndrome occurs slightly more often in infected patients, but we did not demonstrate its effect on subclinical atherosclerosis. Important changes in basic hemostatic parameters were observed, and their causes and significance will be investigated in further studies. 
